We propose a new leptogenesis scenario in a gauged B − L model with supersymmetry at the TeV energy scale. Instead of relying on the very small Yukawa couplings of the singlet neutrinos N c to generate the observed baryon asymmetry of the Universe, which requires a very large resonance enhancement, their B − L gauge interactions are invoked. Successful leptogenesis is then possible if a particular scalar bilinearÑ cÑ c term is disallowed.
The current measurement of the baryon-to-entropy ratio of the Universe is given by [1] Y B ≡ n B s = (0.87 ± 0.02) × 10 −10 ,
where s = 2π 2 g ⋆ T 3 /45 is the entropy density and g ⋆ is the effective number of relativistic degrees of freedom. CP violation is an essential requirement in order to obtain this asymmetry. Leptogenesis [2] is the most promising mechanism to explain it. It is known that there are several scenarios of the leptogenesis [3] [4] [5] [6] .
Leptogenesis through the decay of a heavy singlet neutrino is considered as the best scenario for understanding the observed baryon asymmetry of the Universe. However, the energy scale involved in a successful application is usually in the range 10 9 to 10 13 GeV, which renders the idea impossible to verify experimentally. It has also been suggested that this mechanism works just as well at the more easily accessible TeV energy scale, but then the very small Yukawa couplings required by neutrino masses implies that this effect is much too small to be viable, unless it is compensated by a very large resonance enhancement [3] , i.e. the near mass degeneracy of two singlet neutrinos. As an alternative solution, instead of the resonance-enhancement hypothesis, we suggest that the source of this matter-antimatter asymmetry is actually a gaugino interaction of gauged U (1) B−L symmetry in a supersymmetric extension of the Standard Model (SM) at the TeV scale.
In supersymmetry, the addition of the singlet superfieldN c with B − L = 1 implies a fermion N c and a scalarÑ c . As B − L is spontaneously broken by singlet superfieldsχ 1,2 with B − L = ∓2, an exact Z 2 residual symmetry remains, i.e. R parity, with R = (−) 3(B−L)+2j . As a result, N c acquires a large Majorana mass through χ 1 N c N c , so that it may decay into both leptons and antileptons, thereby initiating leptogenesis. As forÑ c , there are in general two kinds of mass terms: (Ñ c ) * Ñ c andÑ cÑ c . If the latter is absent, thenÑ c may be assigned L = −1 in a subset of its interactions. This will be the key to having a successful leptogenesis scenario, using B − L gauge interactions. Some of us have studied resonant scenarios in TeV scale B − L model in Ref. [5] .
Consider the two families N having L = −1 in all its subsequent interactions. In the following we will show in detail how this all works.
As shown in Ref. [7] , after the B−L symmetry breaking by the VEVs
j is generally obtained and it is given by B
Here, we assume that B ZB−L cos 2θ, and they have lepton numbers L = ∓1 respectively. Moreover, if cos 2θ is negative,Ñ c can be lighter than N c . Actually, only oneÑ c mass eigenstate needs to have lepton number and be lighter than the lightest N c . This is the crucial assumption of our proposal. For B − L neutralinosχ a = (χ 1 ,χ 2 , −iZ B−L ) [8] , the mass eigenstates χ phy.a (a = 1, 2, 3) are given by the unitary diagonalization matrix R asχ a = b R abχphy.b , R † R = 1. In our numerical calculation, we derive mass eigenvalues and mixing matrix R in the following two limiting cases: Case 
where
These mass matrices are diagonalized by unitary matrices U and Γ:
Notice that the mixing matrix U and Γ are in general different from each other. Therefore, the combination U † Γ is not unit matrix, and complex. This is the origin of CP violation.
The Lagrangian in mass eigenstate (hereafter we remove the index "m") is given by
where The decay rate Γ at one-loop level is given by
where the phase space integral of two-body decay I 2 is given by
A tree,loop are tree and loop level amplitudes, and F is kinematical factor. As the loop-level diagrams have vertex and self-energy corrections, we write A loop F as:
From Eqs. (9) and (10), the total CP asymmetry
with 
where U = 1 is assumed. From Eq. (12), one finds Γ 13 ∼ sinθ ≪ 1, as required by out-of equilibrium condition: Γ(N 1 → ΨÑ c 3 ) < H(z = 1), for z = M N 1 /T . Also, Γ 33 ∼ cosθ ∼ 1, which leads to a large CP asymmetry. This situation is realized if the mixing matrix Γ is almost diagonal.
In our model, baryon asymmetry is obtained through the following procedure: Moreover, we take into account scattering processes mediated by B − L gauge boson :
2.Ñ
For the elastic scattering (f = N 1 ), the scattering rate is large for high temperature z ≪ 1, which realizes kinetic equilibrium. For very large M ZB−L , the scattering is Boltzmann suppressed near z = 1. So decay dominates at this temperature, and leptogenesis occurs at z = 1. This condition may give lower bound as M ZB−L > ∼ 10 3 M N 1 [9] [10] [11] . On the other hand for small M ZB−L case, scattering contributions survive until z ∼ 10. As a result, since asymmetry due to the decay starts to be produced by small N 1 abundance at large z, only small lepton asymmetry is created unless CP asymmetry is large. On the other hand, since scattering processes by B − L gaugino; N 1Ñ c 3 →Z B−L → ff , are well suppressed by small mixing matrix Γ 13 ≪ 1, we neglect them.
The thermal average decay and scattering rates that contribute to Boltzmann equations, which we solved numerically to get the total lepton asymmetry, are give by:
where K 1 (z) and K 2 (z) are modified Bessel functions, and
The decay rate ofÑ
where the associated couplings Y AB are given by
, and
The reduced cross sectionσ(s) for fermionic (bosonic) 
where Q ψ,φ is U (1) B−L charge of the field ψ and φ. Now we give numerical examples for v ′ = 6 TeV, M N = (5, 5.5, 6) TeV, MÑc = (5.7, 6.1, 0.3 
.25. We focus on the above two cases A and B with the following inputs:
For both cases, the scalar mass matrix m 2Ñ c of soft SUSY breaking terms has small deviation from the diagonal form, which gives small Γ 13 . In order to obtain lightÑ [12] are in equilibrium above the critical temperature T c . In this region, lepton asymmetry is converted into baryon asymmetry with the rate Y B = −8/15Y L . Below T c , sphaleron processes are still in equilibrium and the conversion rate from lepton to baryon asymmetry is a function of the temperature-dependent VEV v(T ) [13] . At some temperature T d < T c , sphaleron processes are switched off due to the Boltzmann factor and baryon asymmetry never evolves below T d while lepton asymmetry still evolves by the Boltzmann equations. However, we make approximation that sphaleron processes are active for T > 100 GeV, and switched off for T < 100 GeV. From this approximation, we obtain the final results with Y ν = 3 × 10 −8 :
(A) : Y B = 3.9 × 10 −10 , Therefore we can obtain enough baryon asymmetry.
In conclusion, we have shown that a successful TeV scale leptogenesis can take place in gauged B − L supersymmetric model. In this model, if the right-sneutrino bilinear term is absent, then the lightest sneutrino is assigned a lepton number. Therefore ifÑ 
